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Description

Technical field

[0001] The present disclosure relates generally to
methods, decoders and encoders of a base station sys-
tem of a wireless communication network, for handling
a bit stream for transmission over a transmission link be-
tween a remote unit and a base unit of the base station
system.

Background

[0002] There are today different concepts for distribut-
ing base station functionality onto different nodes into a
so called base station system, also called distributed
base station system. Basic purposes for distributing base
station functionality are to improve radio coverage and
to increase throughput to pieces of User Equipment, UEs.
In a distributed base station system, base station func-
tionality is typically distributed onto one or more base
units and a plurality of remote units connected to a base
unit via a transmission link that may be a copper link, a
fiber link or a microwave link, for example. The remote
units may alternatively be called remote radio heads,
RRH, or radio resource units, RRU. The transmission
link in such a base station system may be called a
fronthaul link. Typically, the remote unit is responsible
for transmitting and receiving signals wirelessly from/to
mobile stations via one or more antennas. The remote
unit has little functionality and can be made cheap and
small, and the more intelligent functionality of a base sta-
tion is moved to the base unit. Thereby, it may be cost-
efficient for an operator to have many remote units close
to the antenna covering a small geographical coverage
area each, and to connect the remote units via a fronthaul
link to a base unit. Further, a distributed base station may
be cost-efficient as the base units, which are processing-
heavy are centralized and can therefore share electrical
power, cooling systems, processors etc. Also, to central-
ize base stations allows for co-ordination of traffic, e.g.
mobility management, over a large coverage area. There
are also variants of base station systems comprising an
intermediate unit connected between the remote unit and
the base unit. In such systems, the fronthaul is often re-
ferred to as the connection between the intermediate unit
and the remote unit.
[0003] The base station system is one of the key ena-
blers for centralized radio access network, C-RAN, to
further increase network capacity, reduce the cost and
energy consumption. One of the main obstacles for de-
ploying base station system solution is the high speed
transport requirement over the fronthaul, which may re-
quire deploying a lot of high speed links, e.g. with fiber
and high quality copper cables, per base station system.
This will increase the transport cost dramatically, which
may jeopardize even the feasibility of the C-RAN con-
cept, especially for 5G using very high bandwidth.

[0004] Fig. 1 shows a basic block diagram of a prior
art base station system comprising a base unit 130, a
remote unit 120 connected to the base unit via a fronthaul
link 125, and an antenna 110 connected to the remote
unit 120. In downlink, DL communication, a baseband
processing unit 132 of the base unit produce DL complex
baseband signals in the format of IQ samples. Then the
IQ samples are encapsulated by a fronthaul processing
unit 134 according to a specific FH protocol, e.g. Com-
mon Public Radio Interface, CPRI, and transported over
the fronthaul link 125 to the remote unit 120. At the remote
unit 120, the IQ samples are de-capsulated and extracted
by a fronthaul processing unit 122. Thereafter, the IQ
samples are converted to an analog signal in a digital to
analog converter, DA, 124 and transformed to a radio
frequency, RF signal in an RF front end 126, which RF-
signal is sent out from the antenna 110. In the uplink, the
process is the opposite.
[0005] Regarding the IQ sample bit rate, a single 20
MHz Long Term Evolution, LTE, antenna carrier with
30.72 MHz sampling rate and 30 bits per IQ sample (15
bits I and 15 bits Q) requires approximately 922 Mbps
though the traffic peak rate is only 100 Mbps (using 256
QAM modulation). Hence, the fronthaul link needs to car-
ry more than 9 times the air-interface peak rate. There-
fore, the capacity of the fronthaul link may become a bot-
tleneck in terms of transmission capacity. The fronthaul
problem is important and challenging and has become a
hot area in the industry.
[0006] An approach under discussion in the industry
for alleviating the fronthaul problem is to reduce the bit
rate of the IQ samples by data compression. This allows
backwards compatibility with the current transmission
protocol used over the fronthaul, hereinafter called the
FH protocol, e.g. CPRI. The advantage of transporting
IQ samples over the FH protocol is its independency to
all radio standards, as it works with the time domain signal
directly. With the C-RAN approach, the coordination gain
can be maximized by jointly processing the signals.
[0007] In the original non-compressed FH like CPRI,
baseband IQ signals are typically oversampled in order
to simplify analog filters for reconstruction and anti-alias-
ing. In LTE, a 70% oversampling is part of the design and
is determined by the FFT size since it is desired to have
an FFT size that is a power of two. For example, for a 20
MHz carrier, only 1200 out of 2048 subcarriers are used
to load data. From the information theory perspective,
the oversampling causes redundancy in the IQ samples
since adjacent samples become correlated. Therefore,
the bit rate can be reduced by removing the redundancy,
which is usually referred to as data compression.
[0008] The document "A new IQ data compression
scheme for fronthaul link in centralized RAN", by Nanba
et al, in 2013 IEEE 24th International Symposium on Per-
sonal, Indoor and Mobile Radio Communications: Work-
shop on Cooperative and Heterogeneous Cellular Net-
works, pages 201-214, September 8-9, 2013, discusses
compressing IQ data to be sent over the fronthaul by
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using IQ bit width reduction and a common lossless audio
compression scheme. In this document, Free Lossless
Audio Codec, FLAC, which is an open-source audio com-
pression software is applied to compress the IQ samples.
FLAC is based on adaptive Linear Predictive Coding,
LPC, which is well known in speech and audio data com-
pression. In classical LPC, the data first pass through a
linear predictive filter which produces the prediction er-
rors. The prediction error is also referred to as the resi-
due. In this way, the redundancy between samples is
removed and the prediction error is usually smaller than
the original samples. Then quantization of the smaller
prediction error requires fewer bits than that of the original
data. FLAG is designed to compress audio files offline
and playback the file in real time. The compression by
LPC is done adaptively. The predictive filter coefficients
are automatically trained and adapted frame by frame
over the audio file, so the complexity in compression is
quite high. Processing delay can also be of an issue due
to the complexity and the block-wise implementation for
training the LPC. Another issue with using FLAG for com-
pressing IQ samples is that FLAG is adapted for audio
compression where two consecutive samples are related
in some way for the file to be compressed, whereas for
a signal comprising consecutive IQ samples there is| no
correlation between samples from two consecutive Or-
thogonal Frequency-Division Multiplexing, OFDM, sym-
bols.

Summary

[0009] It is an object of the invention to address at least
some of the problems and issues outlined above It is an
object of embodiments of the invention to lower the
amount of data that is to be sent over a transmission link
when transmitting IQ samples, between a base unit and
a radio unit in a base station system. It is possible to
achieve these objects and others by using a method and
an apparatus as defined in the attached independent
claims.
[0010] According to one aspect, a method is provided
performed by an encoder of a base station system of a
wireless communication network, for handling a bit
stream for transmission over a transmission link between
a remote unit and a base unit of the base station system.
The remote unit is arranged to transmit wireless signals
to, and receive from, mobile stations. The bit stream com-
prises a first OFDM symbol and a second OFDM symbol,
each OFDM symbol comprising a number of consecutive
IQ samples. The method comprises transmitting a first
number of the IQ samples situated at a boundary be-
tween the first and the second OFDM symbol, over the
transmission link to a decoder of the base station system,
the first number of IQ samples having a representation
spanning a first amplitude range. The method further
comprises converting, using a predictive filter, individual
of a second number of IQ samples of the second OFDM
symbol, following the first number of IQ samples, to IQ

prediction errors, where the IQ prediction errors have a
representation spanning a second amplitude range that
is smaller than the first amplitude range, and transmitting
the IQ prediction errors over the transmission link to the
decoder. Hereby it is achieved to lower the amount of
data that is to be sent over the transmission link when
transmitting IQ samples between the base unit and the
radio at the same time as the air interface fulfills require-
ments from relevant radio standards.
[0011] According to another aspect, a method is pro-
vided performed by a decoder of a base station system
of a wireless communication network, for handling a bit
stream for reception over a transmission link between a
remote unit and a base unit of the base station system.
The remote unit is arranged to transmit wireless signals
to and receive from mobile stations, the bit stream com-
prising a first OFDM symbol and a second OFDM symbol,
each OFDM symbol comprising a number of consecutive
IQ samples. The method comprises receiving over the
transmission link from an encoder of the base station
system, a first number of the IQ samples, situated at a
boundary between the first and the second OFDM sym-
bol, the first number of IQ samples having a representa-
tion spanning a first amplitude range. The method further
comprises receiving, over the transmission link from the
encoder, IQ prediction errors representing a second
number of IQ samples of the second OFDM symbol, fol-
lowing the first number of IQ samples, the IQ prediction
errors having a representation spanning a second am-
plitude range that is smaller than the first amplitude
range, and converting, using a recovery predictive filter,
individual of the IQ prediction errors to estimations of
individual of the second number of IQ samples.
[0012] According to another aspect, an encoder is pro-
vided operable in a base station system of a wireless
communication network, for handling a bit stream for
transmission over a transmission link between a remote
unit and a base unit of the base station system. The re-
mote unit is arranged to transmit wireless signals to and
receive wireless signals from mobile stations, the bit
stream comprising a first OFDM symbol and a second
OFDM symbol, each OFDM symbol comprising a number
of consecutive IQ samples. The encoder comprises a
processor and a memory. The memory contains instruc-
tions executable by said processor, whereby the encoder
is operative for transmitting, over the transmission link to
a decoder of the base station system, a first number of
the IQ samples, situated at a boundary between the first
and the second OFDM symbol, the first number of IQ
samples having a representation spanning a first ampli-
tude range. The encoder is further operative for convert-
ing, using a predictive filter, individual of a second number
of IQ samples of the second OFDM symbol, following the
first number of IQ samples, to IQ prediction errors, where
the IQ prediction errors have a representation spanning
a second amplitude range that is smaller than the first
amplitude range, and for transmitting the IQ prediction
errors over the transmission link to the decoder.
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[0013] According to another aspect, a decoder is pro-
vided operable in a base station system of a wireless
communication network, for handling a bit stream for re-
ception over a transmission link between a remote unit
and a base unit of the base station system. The remote
unit is arranged to transmit wireless signals to and receive
wireless signals from mobile stations. The bit stream
comprises a first OFDM symbol and a second OFDM
symbol, each OFDM symbol comprising a number of con-
secutive IQ samples. The decoder comprises a proces-
sor and a memory. The memory contains instructions
executable by said processor, whereby the decoder is
operative for receiving, over the transmission link from
an encoder of the base station system, a first number of
the IQ samples situated at a boundary between the first
and the second OFDM symbol, the first number of IQ
samples having a representation spanning a first ampli-
tude range. The decoder is further operative for receiving,
over the transmission link from the encoder, IQ prediction
errors representing a second number of IQ samples of
the second OFDM symbol, following the first number of
IQ samples, the IQ prediction errors having a represen-
tation spanning a second amplitude range that is smaller
than the first amplitude range, and converting, using a
recovery predictive filter, individual of the IQ prediction
errors to estimations of individual of the second number
of IQ samples.
[0014] According to other aspects, computer programs
and carriers are also provided, the details of which will
be described in the claims and the detailed description.
[0015] Further possible features and benefits of this
solution will become apparent from the detailed descrip-
tion below.

Brief description of drawings

[0016] The solution will now be described in more detail
by means of exemplary embodiments and with reference
to the accompanying drawings, in which:

Fig. 1 is a schematic block diagram of a base station
system according to the prior art.

Fig. 2 is another schematic block diagram of a base
station system.

Fig. 3 is a flow chart illustrating a method performed
by an encoder of a base station system, according
to possible embodiments.

Fig. 4 is a flow chart illustrating a method performed
by a decoder of a base station system, according to
possible embodiments.

Fig. 5 is a schematic block diagram of a base station
system according to possible embodiments.

Fig. 6 is a schematic block diagram of an encoder

and a decoder, according to possible embodiments.

Fig. 7 is schematic block diagram of an encoder and
a decoder in more detail.

Fig. 8 is an x-y diagram showing average EVM ver-
sus number of bits after compression shown with
and without Huffman coding for different values of
reset block size.

Fig. 9 shows two x-y are illustrating block effect due
to discontinuity between OFDM symbols. The upper
diagram shows OFDM symbols and the lower dia-
gram shows prediction error.

Fig. 10 is an x-y diagram showing EVM versus
number of bits per sample for different compression
techniques.

Figs. 11-12 are schematic block diagrams of an en-
coder, according to possible embodiments.

Figs. 13-14 are schematic block diagrams of a de-
coder, according to possible embodiments.

Detailed description

[0017] Briefly described, a solution is provided for han-
dling data comprising IQ samples that are to be trans-
mitted over a fronthaul link between a base unit and a
remote unit in a base station system so that the data is
efficiently compressed at the same time as the air inter-
face fulfills requirements from relevant radio standards,
such as data of the IQ samples being interpretable by
the receiving side, which in DL is the remote unit and in
uplink, UL, is the base unit. This may be achieved by
firstly transmitting to the receiving side a first number of
IQ samples situated at a boundary between a first OFDM
symbol and a second OFDM symbol immediately follow-
ing the first symbol, for example the first 2 to 7 IQ samples
of the second symbol, using a first number of bits per IQ
sample. The first number of IQ samples may be sent un-
coded. A second number of IQ samples of the second
OFDM symbol, following the first number of IQ samples,
are then compressed by converting the IQ samples to IQ
prediction errors using a predictive filter into a second
number of bits per IQ sample that are fewer than the first
number of bits per IQ sample, and transmitting the IQ
prediction errors to the receiving side. By treating the first
IQ samples that are at a border between the first and the
second OFDM symbol un-coded or at least with a code
allowing more bits than the number of bits used for coding
individual of the rest of the IQ samples of the second
OFDM symbol, the problem that there is no correlation
between IQ samples of different OFDM symbols has
been alleviated, compared to prior art. The first number
of IQ samples can also be used to detect large signal
power or power spectral density changes and adapt a
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scaling factor for the prediction errors. Large power or
power spectral density changes can happen for example
when scheduling load changes, i.e. at the beginning of
the first OFDM symbol of a new scheduling interval.
[0018] Fig. 2 shows a base station system 100 of a
wireless communication network. The base station sys-
tem comprises a base unit 170, and a remote unit 160
connected via a transmission link 165 to the base unit.
The transmission link 165 may be e.g. an optical trans-
mission line, an electrical transmission line, a microwave
link, or any type of short range radio point-to-point con-
nection. The remote unit 160 is in its turn connected to
one or more antennas 150, through which the remote
unit transmits wireless signals to and receives wireless
signals from mobile stations 180. The base unit is nor-
mally connected to a plurality of remote units that may
or may not use the same transmission link for connection
to the base unit. The base unit 170 of the base station
system is in its turn, when connected to a wireless com-
munication network, connected to other nodes of the net-
work, such as other base station, network controlling
nodes etc. in a regular way for base stations in wireless
communication networks. The wireless communication
network may be based on any kind of technology such
as LTE, Wideband Code Division Multiple Access, W-
CDMA, and Global System for Mobile communication,
GSM, 3G etc.
[0019] Fig. 3, in conjunction with fig. 2, describes a
method performed by an encoder of a base station sys-
tem 100 of a wireless communication network, for han-
dling a bit stream for transmission over a transmission
link 165 between a remote unit 160 and a base unit 170
of the base station system. The remote unit is arranged
to transmit wireless signals to and receive from mobile
stations 180. The bit stream comprises a first OFDM sym-
bol and a second OFDM symbol, each OFDM symbol
comprising a number of consecutive IQ samples. The
method comprising, for a first number of the IQ samples,
situated at a boundary between the first and the second
OFDM symbol, transmitting 202, over the transmission
link to a decoder of the base station system, the first
number of IQ samples having a representation spanning
a first amplitude range. The method further comprises,
for a second number of IQ samples of the second OFDM
symbol, following the first number of IQ samples, con-
verting 204, using a predictive filter, individual of the sec-
ond number of IQ samples to IQ prediction errors, where
the IQ prediction errors have a representation spanning
a second amplitude range that is smaller than the first
amplitude range, and transmitting 206 the IQ prediction
errors over the transmission link to the decoder.
[0020] In case of downlink transmission, the encoder
is situated at the base unit or in any other node or unit
residing at the base unit side of the transmission link, and
the decoder is situated at the remote unit or in any other
node or unit residing at the remote unit side of the trans-
mission link. In case of uplink transmission, the encoder
is situated at the remote unit or in any other node or unit

residing at the remote unit side of the transmission link,
and the decoder is situated at the base unit or in any
other node or unit residing at the base unit side of the
transmission link. The boundary between the first and
the second OFDM symbol may include any bits attached
to the end of the first symbol or the beginning of the sec-
ond symbol, which bits are redundant in respect of data
to be transferred, such as a cyclic prefix attached to the
beginning of the second symbol or a cyclic suffix attached
to the end of the first symbol
[0021] By such a compression of data that are to be
transmitted over a transmission link of a base station sys-
tem, capacity of the transmission link is saved. Further,
at least for downlink communication there is no or at least
little correlation between two consecutive IQ samples be-
longing to different OFDM symbols. Consequently, the
last IQ samples of the first OFDM symbol, i.e. the IQ
samples immediately before a boundary between the first
and second OFDM symbol, do not give any relevant in-
formation for the first IQ samples of the second OFDM
symbol. For this reason, the first number of IQ samples
of an OFDM symbol are transmitted to the decoder hav-
ing a representation spanning a first amplitude range that
is higher/larger than the following OFDM symbols. For
example, the first IQ samples of an OFDM symbol may
be transmitted in original form, i.e. un-coded, whereas
IQ samples of the same OFDM symbol following the first
IQ samples are compressed by being converted to IQ
prediction errors. By such a method, the data received
at the decoding node have a small deviation from the
original samples at the same time as the data has been
compressed in a sufficient way for being able to get more
data onto the transmission line between the remote unit
and the base unit compared to when transmitting in a
non-compressed mode.
[0022] According to an embodiment, the representa-
tion of the first number of IQ samples spanning a first
amplitude range signifies that the first number of IQ sam-
ples are transmitted un-coded. In other words, the first
number of IQ samples are transmitted as original sam-
ples to the decoder.
[0023] According to another embodiment, the repre-
sentation of the first number of IQ samples spanning a
first amplitude range signifies that the first number of IQ
samples are quantized with a first number of bits before
being transmitted, and wherein the IQ prediction errors
of the second number of IQ samples are quantized with
fewer bits than the first number of bits.
[0024] According to another embodiment, the method
further comprises, for the second number of IQ samples,
applying 205 an entropy encoding on the IQ prediction
errors, and wherein the transmission 206 of IQ prediction
errors comprises transmitting the entropy encoded IQ
prediction errors to the decoder. This way an additional
compression of the second number of IQ samples may
be performed so that additional bandwidth is saved over
the transmission link without any substantial loss of trans-
mission quality. The entropy encoding may be a Huffman
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encoding.
[0025] According to an embodiment, a dictionary used
for the entropy encoding is pre-set and kept un-changed
for the bit stream.
[0026] According to another embodiment, the convert-
ing 204 of individual of the second number of IQ samples
comprises determining a prediction of one sample of the
second IQ samples based on one or more previous IQ
samples immediately before the one sample, and calcu-
lating a prediction error as a difference between the de-
termined prediction of the one IQ sample and an original,
uncoded value of the one IQ sample. When compressing
a bit stream by converting data, such as IQ samples, to
prediction errors in a predictive filter, a prediction of a
first IQ sample may be made based on one or more IQ
samples that are immediately before the first IQ sample.
How many previous IQ samples that are used in the pre-
diction depends on the filter order (nth filter means n pre-
vious samples). Thereafter, the IQ prediction error of the
first IQ sample is determined as a difference between
the actual value of the first IQ sample and the prediction
of the first IQ sample. The state of a predictive filter com-
prises memories of earlier IQ samples. Consequently,
that the state of the predictive filter is reset at an OFDM
symbol boundary may signify that there are no values of
earlier IQ samples for an IQ sample directly following a
reset. In other words, a first IQ sample after a reset will
in this embodiment be sent as the original value, since
the prediction error will be the same as the original value
as the prediction will be zero when the state of the filter
is reset.
[0027] According to an embodiment, the second
OFDM symbol comprises a plurality of blocks of IQ sam-
ples, and for a first IQ sample of each block following a
block border between two consecutive blocks, the first
sample of each block is transmitted uncoded to the de-
coder. The uncoded first sample may also be used to fill
the predictive filter. The first sample may comprise one
or more samples. According to another embodiment, a
state of the predictive filter is set to zero. To set a state
of the predictive filter to zero signifies to set input of pre-
vious samples to zero when determining a prediction of
one sample of the second IQ samples based on the pre-
vious IQ samples immediately before the one sample.
By setting the state of the predictive filter to zero at the
beginning of each block, it is prevented that a coding
error is propagated over block boundaries.
[0028] According to another embodiment, filter coeffi-
cients of the predictive filter are pre-set and kept un-
changed for the bit stream. A filter has n filter coefficients,
i.e. the same as the filter order. The value on each filter
coefficient is set beforehand and communicated between
the encoder and the decoder so that the decoder knows
the filter coefficients used by the encoder. Hereby, the
running complexity of the filter is significantly reduced
compared to an adaptive approach used for adaptive
LPC in adaptive differential pulse-code modulation, AD-
PCM.

[0029] According to another embodiment, the method
further comprises scaling 210 the IQ prediction errors
based on a scaling factor. The scaling factor, g(n), is se-
lected so as to get a better utilization of the bits repre-
senting the second amplitude range. The scaling factor
is useful for signals where a power spectral density, PSD,
of a signal changes over time. This could be due to sched-
uling load variation and/or power control. PSD changes
may lead to under- or overutilization of a quantizer range
and thus sub-optimal performance. By multiplying pre-
diction errors with g(n) at the input of a quantizer and
multiplying by 1/g(n) at the output of a de-quantizer, the
quantization range is better utilized. According to an em-
bodiment, the level of the first number of IQ samples may
be used as input for setting the scaling factor. In a variant
of this embodiment, the scaling may comprise scaling
the IQ prediction errors based on a ratio between the
signal level for the first number of samples and a nominal
level. The nominal level may be pre-configured. Accord-
ing to another alternative, the scaling factor is continu-
ously updated based on history of predicted samples. It
is an advantage to base the scaling factor, g(n), on data
available at both the encoder and the decoder since it
means that g(n) does not have to be signaled from the
encoder to the decoder. It is also possible to take into
account e.g. scheduling and/or power control information
from the baseband unit but then the g(n) may have to be
signaled over the fronthaul. Instead of multiplying the pre-
diction error by g(n) as described above, said scaling
factor may also be implemented by multiplying the quan-
tizer range by 1/g(n). In a similar manner, the de-quan-
tizer range could be multiplied by g(n) instead of multi-
plying the output value by 1/g(n).
[0030] In fig. 3, the dashed lines for boxes 205 and 210
indicate that these steps are optional. The arrows indi-
cate different ways how to perform the method, i.e. that
none of steps 205 and 210 are performed, that any one
of the steps are performed or that both steps are per-
formed.
[0031] Fig. 4, in conjunction with fig. 2, shows a method
performed by a decoder of a base station system 100 of
a wireless communication network, for handling a bit
stream for reception over a transmission link 165 be-
tween a remote unit 160 and a base unit 170 of the base
station system. The remote unit is arranged to transmit
wireless signals to and receive from mobile stations 180.
The bit stream comprises a first OFDM symbol and a
second OFDM symbol, each OFDM symbol comprising
a number of consecutive IQ samples. The method com-
prises, for a first number of the IQ samples situated at a
boundary between the first and the second OFDM sym-
bol, receiving 302, over the transmission link from an
encoder of the base station system, the first number of
IQ samples having a representation spanning a first am-
plitude range. The method further comprises, for a sec-
ond number of IQ samples of the second OFDM symbol,
following the first number of IQ samples, receiving 304,
over the transmission link from the encoder, IQ prediction
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errors representing the second number of IQ samples,
the IQ prediction errors have a representation spanning
a second amplitude range that is smaller than the first
amplitude range, and converting 306, using a recovery
predictive filter, individual of the IQ prediction errors to
estimations of the individual second number of IQ sam-
ples.
[0032] The first number of IQ samples are used to fill
a memory of the recovery predictive filter, i.e. to set an
initial predictor state that is identical to the state in the
encoder. Once it is done, the predictor starts working and
predicts the next sample, just as in the encoder. The dif-
ference is that the encoder subtracts predicted samples
from original samples to get prediction errors while the
decoder adds predicted samples to prediction errors to
get an estimate of original samples.
[0033] According to an embodiment, the IQ prediction
errors are received entropy encoded from the encoder,
and the method further comprises, for the second number
of IQ samples, applying 305 an entropy decoding on the
entropy encoded IQ prediction errors. The decoder ob-
tains information regarding which kind of entropy decod-
ing to use. The decoder may receive this information from
the encoder. Alternatively, it is configured at set-up. The
entropy decoding used should be selected based on the
used entropy encoding, i.e. as an inverse of the used
entropy encoding.
[0034] According to another embodiment, the convert-
ing 306 of individual of the IQ prediction errors to esti-
mates of the second number of IQ samples comprises
determining a prediction of one sample of the second IQ
samples based on one or more determined previous IQ
samples immediately before the one sample, and a re-
ceived prediction error.
[0035] Coefficients for the predictive filter A(z) are iden-
tical at both encoder and decoder and could be selected
during set up, e.g. based on wireless carrier type and
oversampling rate. For open-loop LPC, the transfer func-
tion Ha(z) of a predictor (in the encoder) is calculated as
follows in z-transform domain: e(z) = X(z) - A(z)∗X(z) =>
e(z) = X(z)∗(1-A(z)). Thus, Ha(z) = e(z)/X(z) = 1 - A(z).
[0036] The transfer function Hs(z) of a recovery pre-
dictor (in the decoder) is calculated as: X(z) = A(z)∗X(z)
+ e(z) => X(z)(1-A(z))= e(z) => Hs(z) = X(z)/e(z) = 1/(1-
A(z)). The inverse seen in Hs(z) is because the decoder
has A(z) in a feedback path. According to an embodi-
ment, a closed loop predictor may be used where the
quantization error is included in the prediction on the en-
coder side. This gives better performance.
[0037] According to another embodiment, the second
OFDM symbol comprises a plurality of blocks of IQ sam-
ples. Further, for a first IQ sample of each block, following
a block border between two consecutive blocks, the first
sample of each block is transmitted uncoded to the de-
coder.
[0038] According to another embodiment, filter coeffi-
cients of the recovery predictive filter are pre-set to the
same values as for filter coefficients of a predictive filter

at the encoder, and kept un-changed for the bit stream.
[0039] According to another embodiment, the method
further comprises re-scaling 310 the IQ prediction errors
based on an inverse of a scaling factor used at the en-
coder. The scaling factor may be communicated from the
encoder to the decoder in connection with the reception
of the IQ prediction errors or a nominal value may be
used that may be pre-configured at both encoder and
decoder.
[0040] In fig. 4, the dashed lines for boxes 305 and 310
indicate that these steps are optional. The arrows of fig.
4 indicate different ways how to perform the method, i.e.
that none of steps 305 and 310 are performed, that any
one of the steps are performed or that both steps are
performed.
[0041] Fig. 5 shows basic block diagrams of a base
unit 430 and a remote unit 420 for compressing and de-
compressing IQ samples. The base unit and the remote
unit are interconnected via a transmission link 415. In
downlink, signals that are to be sent to mobile stations
are processed in a base band processing unit 432 into
IQ samples. The IQ samples are then encoded into a
compressed format in an encoder/decoder 433 such that
the coded IQ samples have lower bit rate than the un-
coded IQ samples. The coded IQ samples are then en-
capsulated in a fronthaul processing unit 434 into a format
suitable for transmission over the transmission link 415.
After being transmitted over transmission link 415, the
IQ samples are de-capsulated in a fronthaul processing
unit 422 of the remote unit. The extracted coded IQ sam-
ples are decoded in an encoder/decoder 423 of the re-
mote unit and converted into analogue format in an
AD/DA converter 424. The RF front-end 426 then sees
to that the analogue signals are transmitted from the an-
tenna 410 over the air interface towards mobile stations.
For uplink communication, the process is the opposite.
I.e., a signal received at the antenna 410 is handled by
the RF front-end 426, converted into digital format IQ
samples in the AD/DA converter 424, and the IQ samples
are encoded into a compressed format in the decoder/en-
coder 423. The coded IQ samples are then encapsulated
in the fronthaul processing unit 422 and transmitted over
the fronthaul to the base unit. At the base unit 430, the
encapsulated and coded IQ samples are de-capsulated
in the fronthaul processing unit 434, decoded in the en-
coder/decoder 433 and the decoded IQ samples are then
baseband processed by the baseband processing unit
432.
[0042] Fig. 6 shows a basic block diagram illustrating
an embodiment of the invention for compressing and de-
compressing IQ samples. An encoder 450 receives a
stream of IQ samples and removes cyclic prefix, CP, from
the stream in a CP remove unit 452, if CP has been used.
The IQ samples are then treated in a quantized predictive
filter 454 into prediction errors. Following the linear pre-
diction theory, the predictive filter 454 applies the mini-
mum mean square error, MMSE, criterion to minimize
the prediction error. The predictive filter 454 may act as
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a whitening filter, removing the correlation of input sam-
ples. The colored IQ samples are converted ideally to
white prediction errors. The prediction errors are usually
smaller than original IQ samples and thereby can be
quantized with fewer bits achieving the same level of pre-
cision. Thereafter the quantized prediction errors are fur-
ther compressed by a Huffman encoder 456 in a lossless
manner to achieve the entropy of the error data. Note
that other binary code can be used instead of Huffman.
After the encoded, compressed IQ samples have been
transmitted over the transmission link 455 to a decoder
460, the encoded IQ samples are decoded in a Huffman
decoder 462 into prediction errors which are further trans-
formed in a recovery predictive filter 464 into decoded
IQ samples resembling the original IQ samples that were
input into the predictive filter 454 of the encoder. The
recovery predictive filter 464 has the same structure and
coefficients as the predictive filter 454 of the encoder.
Thereafter, a cyclic prefix is added before the recovered
IQ samples are further treated at the receiver side. Note
that for downlink communication the encoder 450 is sit-
uated in the base unit and the decoder 460 is situated in
the remote unit, and for uplink communication the encod-
er 450 is situated in the remote unit and the decoder 460
is situated in the base unit.
[0043] According to another embodiment, a few initial
IQ samples per OFMD symbol are used to initiate the
predictive filter of the encoder. These initial IQ samples
are quantized with more bits than the following IQ sam-
ples of the OFDM symbol that are quantized into predic-
tion errors. The initial IQ samples are also sent to the
decoder to initiate the recovery predictive filter. According
to an embodiment, the state of the predictive filter (and
the recovery predictive filter) is reset every block of Nb
samples to deal with the boundary between OFDM sym-
bols.
[0044] According to another embodiment, the predic-
tive filter coefficients and the Huffman code dictionary
are pre-trained. Pre-training means here that the coeffi-
cients and the dictionary are either trained and set by
offline testing, e.g. lab tests, simulations, calculations
etc., or is online trained only once during an initialization
phase. Once the configuration is determined and set, it
is unchanged if the signal configuration is unchanged. In
this way, the runtime complexity is kept low. The predic-
tive filter usually has a quite low order, e.g. in the range
of 4-6, to achieve sufficient prediction gain. The Huffman
coding only involves operations using a small look-up
table. With 5 bits quantization of prediction errors, only
32 entries are needed in the table.
[0045] The compression technique discussed in the
mentioned prior art by Nanba et al is a classic adaptive
LPC implementation. Here the signals are divided in
frames. In each frame, the predictive filter coefficients
are trained and adapted. In other words, the predictive
filter coefficients are changed between the frames, as
well as quantizer parameters. However, in embodiments
of the present invention, the predictive filter coefficients

are pre-trained and kept unchanged over the running
time of the encoder- decoder, which gives a less complex
solution and therefore quicker signal handling than the
prior art. Further, in the prior art LPC implementation, the
filter runs continuously and therefore continuously up-
dates its state with predictions based on earlier IQ sam-
ples, as this is the best way for handling audio coding,
which could be seen as a continuous signal. However,
for IQ samples there are no correlation between IQ sam-
ples belonging to different OFDM symbols. Therefore, in
embodiments of the present invention, the state of the
predictive filter is reset at boundaries between consecu-
tive OFDM symbols. Resetting the filter may signify to
send the first IQ samples of an OFDM symbol un-coded
or at least with less coding then the rest of the IQ samples,
until the state of the filter is filled again with prediction
errors originating from the same OFDM symbol. Hereby,
IQ samples from an earlier OFDM symbol is not wrongly
influencing the first IQ samples of another OFDM symbol.
Further, resetting the filter at the OFDM boundary reduc-
es Huffman coding complexity since the dynamic range
of prediction errors becomes smaller. In another embod-
iment of the present invention, the state of the predictive
filter is reset at every block of an OFDM symbol. Hereby
it is avoided that any faults in the determination made for
one block is transferred from one block to the next. Ac-
cording to another embodiment, the non-predicted or at
least less predicted samples sent after each predictive
filter state reset can be used by the encoder and decoder
to determine a suitable block scaling coefficient, based
on statistics of the non-predicted samples. This allows
better utilization of the quantization range when the signal
has a large dynamic range.
[0046] Fig. 7 shows an embodiment of an encoder and
a decoder in more detail. In the embodiment, the predic-
tive filter coefficients, A(z), and the Huffman dictionary
are obtained from pre-training and thereafter fixed. Input
IQ samples x[n] are received at an input of the encoder,
already quantized with a high number of bits, e.g. 15 bits
per IQ sample. The encoder and decoder have two
states. In a first state, in which switches 501, 504, 509
of the encoder and switches 522 and 528 of the decoder
are set to "1", the first P samples x[0] to x[P-1] of each
OFDM symbol are treated. The first state is used follow-
ing a reset of the state of the predictive filter 502 of the
encoder and a corresponding reset of the state of a re-
covery predictive filter 529 of the decoder. The predictive
filter 502 is arranged to predict the next IQ sample from
the previous P samples. The transfer function of the pre-
dictive filter is defined as

where ai is the ith coefficients and P is the predictor order.
However, the first P samples, following a reset of the
state of the predictive filter are pushed directly to the pre-
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dictive filter via switches 501 and 504, hereby filling the
emptied state of the predictive filter with original samples,
or replacing any previous content of the predictive filter
with the original samples. The original samples are at the
same time sent diretly to the decoder via switches 501
and 509 and through a fronthaul protocol over the
fronthaul link 515. At the decoder, the original samples
x[0] to x[P-1] are sent directly to the decoder output via
switch 528.
[0047] In a second state, following the first state, the
switches 501, 504, 509, 522 and 528 are set to "2". Con-
sequently, the IQ samples x[P] to x[N-1], N being the
number of IQ samples of an OFDM symbol, are directed
via switch 501 to an adder 503. At the adder, the actual
IQ sample is subtracted with a prediction of the IQ sample
performed by the loop comprising a quantizer 506 (may
also be called a requantizer as the signal x[n] is already
quantized at the input), a dequantizer 508, an adder 507
and the predictive filter 502, so that a prediction error e[n]
is calculated as output from adder 503. The dequantizer
508 restores bit width of the bits of the prediction error
quantized in the quantizer 506 to original value, and if a
scaling factor g(n) was used in the quantizer it also un-
does the scaling. The (quantized) predicted sample that
is produced by the predictive filter 502 is calculated as

where x[n] = x[n] + ê[n] is the nth quantized IQ sample
and e[n] represents the value in the original number of
bits for the requantized prediction error of ê[n], where
ê[n] is the quantized value of e[n] = x[n| - x[n] with smaller
number of bits from the quantization Q. Value-wise, e[n]
+ ê[n]. They are just formated with different number of
bits. The prediction error e[n] is quantized by the quan-
tizer 506 and the quantized prediction error ê[n] is sent
to a Huffman encoder 510 for further coding into a Huff-
man encoded signal l[n]. The Huffman encoded signal
l[n] is sent via switch 509 and the fronthaul link 515 to
the decoder.
[0048] At the decoder, the Huffman coded signal is
Huffman decoded 524 and requantized 526 back to to
e[n] of the original number of bits as the original IQ sam-
ples of x[n]. Following the same prediction structure as
on the encoder side, with e[n] and the first P original sam-
ples of x[0] to x[P - 1], the quantized IQ samples of x[n]
can be recovered. It is noted that in the diagram the quan-
tizer (i.e. Q and Q-1) does only the quantization conver-
sion from the originally quantized input signal x[n], so it
is sometimes called requantization.
[0049] According to an embodiment, the state of the
predictive filter is reset per block of Nb samples, an OFDM
symbol comprising a plurality of sample blocks. One ad-
vantage of the reset is to avoid error propagation between
blocks. Even though the fronthaul link is supposed to be
robust with a very low packet error rate, there will be still

packet errors from time to time. The bit errors on the
prediction error will be propagated through the prediction
structure to all following samples without a state reset.
This could signficantly degrade the quality of the recov-
ered IQ samples. With a block reset, the error propaga-
tion is limited to each block.
[0050] The diagram of fig. 8, which shows average er-
ror vector magnitude, EVM, on the y-axis and number of
bits per IQ component on the y-axis, shows simulated
compression results with and without using Huffman cod-
ing for different reset times Nb. The size of an OFDM
symbol is 2048 samples. With Nb = 2048 samples, the
predictive filter resets at the first sample of each OFDM
symbol, i.e. each OFDM symbol boundary. With the other
simulated reset times, i.e. Nb = 560, 1400 and 4096 sam-
ples, respectively, the predictive filter is not reset at the
OFDM symbol boundary and thereby some or all blocks
contain the boundary. From fig. 8 it can be seen that the
compression curves are close for all reset times when
Huffman coding is used. However, without Huffman cod-
ing, resetting at the OFDM symbol boundary is much
better than not resetting at the boundary (Nb = 2048 w/o
Huffman). This indicates that more bits are required in
the quantizer Q if the predictive filter does not reset at
OFDM symbol boundaries. This would also dramatically
increase the look-up table size in Huffman implementa-
tion and therefore increase complexity. For example, at
∼2% EVM, the quantizer for Nb = 2048 requires 5 bits
only, while other cases requires 8 bits. The look-up table
for 5 bits has only 32 entries, while the table for 8 bits is
8 times larger and therefore has 256 entries. The com-
plexity is much higher. Consequently, even though the
compression achieved when using Huffman is the same
for all tested reset times, it would require a much more
complex Huffman coding to achieve this compression
when the predictive filter is not reset at OFDM symbol
boundaries compared to when it is reset at OFDM symbol
boundaries.
[0051] If the state of the predictive filter is not reset at
each OFDM symbol boundary, large prediction errors are
caused in the first samples of each symbol. This can be
seen in the simulated results in fig. 9 in the shape of
prediction error peaks at n∗2048, n = 1,2,3,4... As the
OFDM symbols are independent from each other there
is little or no correlation between any two consecutive
OFDM symbols. Consequently, if samples from a current
OFDM symbol is predicted based on samples of the pre-
vious OFDM symbol, large errors may occur. However,
it normally only happens for the first few samples in the
beginning of each OFDM symbol depending on the pre-
diction order, which is normally quite small. These large
prediction errors increase the dynamic range of the quan-
tizer input and drives up the required number of bits to
achieve the sufficient precision.
[0052] Furthermore, there might be a need for the
quantizer in the prediction loop to scale the prediction
error. Especially in uplink, the signal power varies over
time. It may be beneficial that the prediction errors are
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scaled to avoid clipping strong signals and avoid high
quantization noise for weak signals. In an embodiment,
the predictive filter resets per block. The first non-pre-
dicted samples in each block may be preserved in the
original number of bits and directly sent to the decoder.
The scaling factor can be derived from theses samples.
If the same algorithm for setting the scaling factor based
on the first non-predicted samples is used on the both
sides, there is no need to transport the scaling factor.
This would reduce the overhead and facilitate the en/de-
capsulation process.
[0053] Fig. 10 shows compression performance of an
embodiment of the present invention wherein a predictive
filter and Huffman coding is used, compared with previ-
ous resampling-based and/or re-quantization based
P49443 approaches. The previous resampling based ap-
proach resamples from 30.72 to 20.48 Msamples/s for a
20 MHz LTE carrier, which corresponds to 13.7% over-
sampling compared with the critical (Nyqvist) sampling
rate of 18.015 Msamples/s. This embodiment of the in-
vention (called LPC + Huffman in fig. 10) achieves ∼10%
better compression than the resampling-based approach
that in addition uses re-quantization, even when block
scaling is used together with resampling (the latter called
Resample + requantize + block scaling in fig. 10). It can
also be observed that this embodiment is close to the
theoretical bound for time-domain signal compression
without entropy (Bound without entropy in fig. 10).
[0054] Fig. 11, in conjunction with fig. 2, shows an en-
coder 600 operable in a base station system 100 of a
wireless communication network, for handling a bit
stream for transmission over a transmission link 165 be-
tween a remote unit 160 and a base unit 170 of the base
station system, the remote unit being arranged to trans-
mit wireless signals to and receive wireless signals from
mobile stations 180. The bit stream comprises a first
OFDM symbol and a second OFDM symbol, each OFDM
symbol comprising a number of consecutive IQ samples.
The encoder comprises a processor and a memory. The
memory contains instructions executable by said proc-
essor, whereby the encoder is operative for, for a first
number of the IQ samples situated at a boundary be-
tween the first and the second OFDM symbol, transmit-
ting, over the transmission link to a decoder of the base
station system, the first number of IQ samples having a
representation spanning a first amplitude range. The en-
coder is further operative for, for a second number of IQ
samples of the second OFDM symbol, following the first
number of IQ samples, converting, using a predictive fil-
ter, individual of the second number of IQ samples to IQ
prediction errors, where the IQ prediction errors have a
representation spanning a second amplitude range that
is smaller than the first amplitude range, and transmitting
the IQ prediction errors over the transmission link to the
decoder.
[0055] According to an embodiment, the representa-
tion of the first number of IQ samples spanning a first
amplitude range signifies that the first number of IQ sam-

ples are transmitted un-coded.
[0056] According to another embodiment, the repre-
sentation of the first number of IQ samples spanning a
first amplitude range signifies that the first number of IQ
samples are quantized with a first number of bits before
being transmitted, and wherein the IQ prediction errors
of the second number of IQ samples are quantized with
fewer bits than the first number of bits.
[0057] According to another embodiment, the encoder
is further operative for, for the second number of IQ sam-
ples, applying an entropy encoding on the IQ prediction
errors, and wherein the encoder is operative for trans-
mitting IQ prediction errors by transmitting the entropy
encoded IQ prediction errors to the decoder.
[0058] According to another embodiment, the second
OFDM symbol comprises a plurality of blocks of IQ sam-
ples, and for a first IQ sample of each block following a
block border between two consecutive blocks, the en-
coder is operative to transmit the first sample of each
block uncoded to the decoder.
[0059] According to another embodiment, filter coeffi-
cients of the predictive filter are pre-set and kept un-
changed for the bit stream.
[0060] According to another embodiment, the encoder
is further operative for scaling the IQ prediction errors
based on a scaling factor.
[0061] According to other embodiments, the encoder
600 may further comprise a communication unit 602,
which may be considered to comprise conventional
means for communicating with a decoder of the base
station system. The instructions executable by said proc-
essor 603 may be arranged as a computer program 605
stored e.g. in said memory 604. The processor 603 and
the memory 604 may be arranged in a sub-arrangement
601. The sub-arrangement 601 may be a micro-proces-
sor and adequate software and storage therefore, a Pro-
grammable Logic Device, PLD, or other electronic com-
ponent(s)/processing circuit(s) configured to perform the
methods mentioned above.
[0062] The computer program 605 may comprise com-
puter readable code means, which when run in the en-
coder 600 causes the encoder to perform the steps de-
scribed in any of the described embodiments of the en-
coder. The computer program 605 may be carried by a
computer program product connectable to the processor
603. The computer program product may be the memory
604. The memory 604 may be realized as for example a
RAM (Random-access memory), ROM (Read-Only
Memory) or an EEPROM (Electrical Erasable Program-
mable ROM). Further, the computer program may be car-
ried by a separate computer-readable medium, such as
a CD, DVD or flash memory, from which the program
could be downloaded into the memory 604. Alternatively,
the computer program may be stored on a server or any
other entity connected to the communication network to
which the encoder 600 has access via the communica-
tion unit 602. The computer program may then be down-
loaded from the server into the memory 604.
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[0063] Fig. 12, in conjunction with fig 2, shows an en-
coder 600 operable in a base station system 100 of a
wireless communication network, for handling a bit
stream for transmission over a transmission link 165 be-
tween a remote unit 160 and a base unit 170 of the base
station system. The remote unit is arranged to transmit
wireless signals to and receive wireless signals from mo-
bile stations 180. The bit stream comprises a first OFDM
symbol and a second OFDM symbol, each OFDM symbol
comprising a number of consecutive IQ samples. The
encoder 600 comprises a first transmitting module 704
for transmitting a first number of the IQ samples, situated
at a boundary between the first and the second OFDM
symbol, over the transmission link to a decoder of the
base station system, the first number of IQ samples hav-
ing a representation spanning a first amplitude range.
The encoder further comprises a converting module 706
for converting individual of a second number of IQ sam-
ples of the second OFDM symbol, following the first
number of IQ samples, to IQ prediction errors, using a
predictive filter, where the IQ prediction errors have a
representation spanning a second amplitude range that
is smaller than the first amplitude range, and a second
transmitting module 708 for transmitting the IQ prediction
errors over the transmission link to the decoder. The en-
coder 600 may further comprise a communication unit
602 similar to the communication unit of fig. 11.
[0064] Fig. 13 shows a decoder 800 operable in a base
station system 100 of a wireless communication network,
for handling a bit stream for reception over a transmission
link 165 between a remote unit 160 and a base unit 170
of the base station system. The remote unit is arranged
to transmit wireless signals to and receive wireless sig-
nals from mobile stations. The bit stream comprises a
first OFDM symbol and a second OFDM symbol, each
OFDM symbol comprising a number of consecutive IQ
samples. The decoder comprises a processor and a
memory. The memory contains instructions executable
by said processor, whereby the decoder 800 is operative
for receiving a first number of the IQ samples, situated
at a boundary between the first and the second OFDM
symbol over the transmission link from an encoder of the
base station system, the first number of IQ samples hav-
ing a representation spanning a first amplitude range.
The decoder is further operative for, for a second number
of IQ samples of the second OFDM symbol, following the
first number of IQ samples, receiving, over the transmis-
sion link from the encoder, IQ prediction errors repre-
senting the second number of IQ samples, the IQ pre-
diction errors have a representation spanning a second
amplitude range that is smaller than the first amplitude
range, and converting, using a recovery predictive filter,
individual of the IQ prediction errors to estimations of
individual of the second number of IQ samples.
[0065] According to an embodiment, the decoder is fur-
ther operative for receiving the IQ prediction errors en-
tropy encoded from the encoder, and, for the second
number of IQ samples, applying an entropy decoding on

the entropy encoded IQ prediction errors.
[0066] According to an embodiment, the decoder is fur-
ther operative for converting individual of the IQ predic-
tion errors to second number of IQ samples by determin-
ing a prediction of one sample of the second IQ samples
based on one or more determined previous IQ samples
immediately before the one sample, and a received pre-
diction error.
[0067] According to other embodiments, the decoder
800 may further comprise a communication unit 802,
which may be considered to comprise conventional
means for communicating with an encoder of the base
station system. The instructions executable by said proc-
essor 803 may be arranged as a computer program 805
stored e.g. in said memory 804. The processor 803 and
the memory 804 may be arranged in a sub-arrangement
801. The sub-arrangement 801 may be a micro-proces-
sor and adequate software and storage therefore, a Pro-
grammable Logic Device, PLD, or other electronic com-
ponent(s)/processing circuit(s) configured to perform the
methods mentioned above.
[0068] The computer program 805 may comprise com-
puter readable code means, which when run in the de-
coder 800 causes the decoder to perform the steps de-
scribed in any of the described embodiments of the de-
coder. The computer program 805 may be carried by a
computer program product connectable to the processor
803. The computer program product may be the memory
804. The memory 804 may be realized as for example a
RAM (Random-access memory), ROM (Read-Only
Memory) or an EEPROM (Electrical Erasable Program-
mable ROM). Further, the computer program may be car-
ried by a separate computer-readable medium, such as
a CD, DVD or flash memory, from which the program
could be downloaded into the memory 804. Alternatively,
the computer program may be stored on a server or any
other entity connected to the communication network to
which the decoder 800 has access via the communica-
tion unit 802. The computer program may then be down-
loaded from the server into the memory 804.
[0069] Fig. 14, in conjunction with fig. 2, shows a de-
coder 800 operable in a base station system 100 of a
wireless communication network, for handling a bit
stream for reception over a transmission link 165 be-
tween a remote unit 160 and a base unit 170 of the base
station system. The remote unit is arranged to transmit
wireless signals to and receive wireless signals from mo-
bile stations 180. The bit stream comprises a first OFDM
symbol and a second OFDM symbol, each OFDM symbol
comprising a number of consecutive IQ samples. The
decoder 800 comprises a first receiving module 904 for
receiving a first number of the IQ samples situated at a
boundary between the first and the second OFDM sym-
bol over the transmission link from an encoder of the
base station system, the first number of IQ samples hav-
ing a representation spanning a first amplitude range.
The decoder further comprises a second receiving mod-
ule 906 for receiving IQ prediction errors representing a

19 20 



EP 3 466 007 B1

13

5

10

15

20

25

30

35

40

45

50

55

second number of IQ samples of the second OFDM sym-
bol, following the first number of IQ samples, over the
transmission link from the encoder, the IQ prediction er-
rors having a representation spanning a second ampli-
tude range that is smaller than the first amplitude range,
and a converting module 908 for converting, using a re-
covery predictive filter, individual of the IQ prediction er-
rors to estimations of individual of the second number of
IQ samples. The decoder 800 may also comprise a com-
munication unit 802 similar to the communication unit
802 of fig. 13.

Claims

1. A method performed by an encoder of a base station
system (100) of a wireless communication network,
for handling a bit stream for transmission over a
transmission link (165) between a remote unit (160)
and a base unit (170) of the base station system, the
remote unit being arranged to transmit wireless sig-
nals to and receive from mobile stations (180), the
bit stream comprising a first OFDM symbol and a
second OFDM symbol, each OFDM symbol com-
prising a number of consecutive IQ samples, the
method comprising:

for a first number of the IQ samples, situated at
a boundary between the first and the second
OFDM symbol,
transmitting (202), over the transmission link to
a decoder of the base station system, the first
number of IQ samples having a representation
spanning a first amplitude range,
for a second number of IQ samples of the second
OFDM symbol, following the first number of IQ
samples,
converting (204), using a predictive filter, indi-
vidual of the second number of IQ samples to
IQ prediction errors, where the IQ prediction er-
rors have a representation spanning a second
amplitude range that is smaller than the first am-
plitude range, and
transmitting (206) the IQ prediction errors over
the transmission link to the decoder.

2. Method according to claim 1, wherein the represen-
tation of the first number of IQ samples spanning a
first amplitude range signifies that the first number
of IQ samples are transmitted un-coded.

3. Method according to claim 1 or 2, wherein the rep-
resentation of the first number of IQ samples span-
ning a first amplitude range signifies that the first
number of IQ samples are quantized with a first
number of bits before being transmitted, and wherein
the IQ prediction errors of the second number of IQ
samples are quantized with fewer bits than the first

number of bits.

4. Method according to any of the preceding claims ,
further comprising, for the second number of IQ sam-
ples:
applying (205) an entropy encoding on the IQ pre-
diction errors, and wherein the transmission (206) of
IQ prediction errors comprises transmitting the en-
tropy encoded IQ prediction errors to the decoder.

5. A method performed by a decoder of a base station
system (100) of a wireless communication network,
for handling a bit stream for reception over a trans-
mission link (165) between a remote unit (160) and
a base unit (170) of the base station system, the
remote unit being arranged to transmit wireless sig-
nals to and receive from mobile stations (180), the
bit stream comprising a first OFDM symbol and a
second OFDM symbol, each OFDM symbol com-
prising a number of consecutive IQ samples, the
method comprising:

for a first number of the IQ samples, situated at
a boundary between the first and the second
OFDM symbol,
receiving (302), over the transmission link from
an encoder of the base station system, the first
number of IQ samples having a representation
spanning a first amplitude range,
for a second number of IQ samples of the second
OFDM symbol, following the first number of IQ
samples,
receiving (304), over the transmission link from
the encoder, IQ prediction errors representing
the second number of IQ samples, the IQ pre-
diction errors having a representation spanning
a second amplitude range that is smaller than
the first amplitude range, and
converting (306), using a recovery predictive fil-
ter, individual of the IQ prediction errors to esti-
mations of individual of the second number of
IQ samples.

6. Method according to claim 5, wherein the IQ predic-
tion errors are received entropy encoded from the
encoder, and the method further comprises, for the
second number of IQ samples,
applying (305) an entropy decoding on the entropy
encoded IQ prediction errors.

7. Method according to claim 5 or 6, wherein the con-
verting (306) of individual of the IQ prediction errors
to second number of IQ samples comprises:
determining a prediction of one sample of the second
IQ samples based on one or more determined pre-
vious IQ samples immediately before the one sam-
ple, and a received prediction error.
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8. Method according to any of claims 5-7, wherein the
second OFDM symbol comprises a plurality of blocks
of IQ samples, and wherein for a first IQ sample of
each block, following a block border between two
consecutive blocks, the first sample of each block is
received uncoded from the encoder.

9. Method according to any of claims 5-8, wherein filter
coefficients of the recovery predictive filter are pre-
set to the same values as filter coefficients of a pre-
dictive filter at the encoder, and kept un-changed for
the bit stream.

10. An encoder (600) operable in a base station system
(100) of a wireless communication network, for han-
dling a bit stream for transmission over a transmis-
sion link (165) between a remote unit (160) and a
base unit (170) of the base station system, the re-
mote unit being arranged to transmit wireless signals
to and receive wireless signals from mobile stations
(180), the bit stream comprising a first OFDM symbol
and a second OFDM symbol, each OFDM symbol
comprising a number of consecutive IQ samples, the
encoder (600) comprising a processor (603) and a
memory (604), said memory containing instructions
executable by said processor, whereby the encoder
(600) is operative for:

for a first number of the IQ samples, situated at
a boundary between the first and the second
OFDM symbol,
transmitting, over the transmission link to a de-
coder of the base station system, the first
number of IQ samples having a representation
spanning a first amplitude range,
for a second number of IQ samples of the second
OFDM symbol, following the first number of IQ
samples,
converting, using a predictive filter, individual of
the second number of IQ samples to IQ predic-
tion errors, where the IQ prediction errors have
a representation spanning a second amplitude
range that is smaller than the first amplitude
range, and
transmitting the IQ prediction errors over the
transmission link to the decoder.

11. Encoder according to claim 10, wherein the second
OFDM symbol comprises a plurality of blocks of IQ
samples, and wherein for a first IQ sample of each
block following a block border between two consec-
utive blocks, the encoder is operative to transmit the
first sample of each block uncoded to the decoder.

12. Encoder according to any of claims 10-11, wherein
filter coefficients of the predictive filter are pre-set
and kept un-changed for the bit stream.

13. Encoder according to any of claims 10-12, further
being operative for scaling the IQ prediction errors
based on a scaling factor.

14. A decoder (800) operable in a base station system
(100) of a wireless communication network, for han-
dling a bit stream for reception over a transmission
link (165) between a remote unit (160) and a base
unit (170) of the base station system, the remote unit
being arranged to transmit wireless signals to and
receive wireless signals from mobile stations (180),
the bit stream comprising a first OFDM symbol and
a second OFDM symbol, each OFDM symbol com-
prising a number of consecutive IQ samples, the de-
coder (800) comprising a processor (803) and a
memory (804), said memory containing instructions
executable by said processor, whereby the decoder
(800) is operative for:

for a first number of the IQ samples, situated at
a boundary between the first and the second
OFDM symbol,
receiving, over the transmission link from an en-
coder of the base station system, the first
number of IQ samples having a representation
spanning a first amplitude range,
for a second number of IQ samples of the second
OFDM symbol, following the first number of IQ
samples,
receiving, over the transmission link from the en-
coder, IQ prediction errors representing the sec-
ond number of IQ samples, the IQ prediction er-
rors having a representation spanning a second
amplitude range that is smaller than the first am-
plitude range, and
converting, using a recovery predictive filter, in-
dividual of the IQ prediction errors to estimations
of individual of the second number of IQ sam-
ples.

15. Decoder according to claim 14, further being oper-
ative for receiving the IQ prediction errors entropy
encoded from the encoder, and, for the second
number of IQ samples, applying an entropy decoding
on the entropy encoded IQ prediction errors.

16. Decoder according to claim 14 or 15, being operative
for converting individual of the IQ prediction errors
to second number of IQ samples by determining a
prediction of one sample of the second IQ samples
based on one or more determined previous IQ sam-
ples immediately before the one sample, and a re-
ceived prediction error.

17. A computer program (605) comprising computer
readable code means to be run in an encoder (600)
of a wireless communication network, configured for
handling a bit stream for reception over a transmis-
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sion link (165) between a remote unit (160) and a
base unit (170) of the base station system, the re-
mote unit being arranged to transmit wireless signals
to and receive wireless signals from mobile stations
(180), the bit stream comprising a first OFDM symbol
and a second OFDM symbol, each OFDM symbol
comprising a number of consecutive IQ samples,
which computer readable code means when run in
the encoder causes the encoder (600) to perform
the following steps:

for a first number of the IQ samples, situated at
a boundary between the first and the second
OFDM symbol,
receiving, over the transmission link from an en-
coder of the base station system, the first
number of IQ samples having a representation
spanning a first amplitude range,
for a second number of IQ samples of the second
OFDM symbol, following the first number of IQ
samples,
receiving, over the transmission link from the en-
coder, IQ prediction errors representing the sec-
ond number of IQ samples, the IQ prediction er-
rors having a representation spanning a second
amplitude range that is smaller than the first am-
plitude range, and
converting, using a recovery predictive filter, in-
dividual of the IQ prediction errors to estimations
of individual of the second number of IQ sam-
ples.

18. A computer program (805) comprising computer
readable code means to be run in a decoder (800)
of a wireless communication network, configured for
handling a bit stream for reception over a transmis-
sion link (165) between a remote unit (160) and a
base unit (170) of the base station system, the re-
mote unit being arranged to transmit wireless signals
to and receive wireless signals from mobile stations
(180), the bit stream comprising a first OFDM symbol
and a second OFDM symbol, each OFDM symbol
comprising a number of consecutive IQ samples,
which computer readable code means when run in
the decoder causes the decoder (800) to perform
the following steps:

for a first number of the IQ samples, situated at
a boundary between the first and the second
OFDM symbol,
receiving, over the transmission link from an en-
coder of the base station system, the first
number of IQ samples having a representation
spanning a first amplitude range,
for a second number of IQ samples of the second
OFDM symbol, following the first number of IQ
samples,
receiving, over the transmission link from the en-

coder, IQ prediction errors representing the sec-
ond number of IQ samples, the IQ prediction er-
rors having a representation spanning a second
amplitude range that is smaller than the first am-
plitude range, and
converting, using a recovery predictive filter, in-
dividual of the IQ prediction errors to estimations
of individual of the second number of IQ sam-
ples.

19. An encoder (600) operable in a base station system
(100) of a wireless communication network, for han-
dling a bit stream for transmission over a transmis-
sion link (165) between a remote unit (160) and a
base unit (170) of the base station system, the re-
mote unit being arranged to transmit wireless signals
to and receive wireless signals from mobile stations
(180), the bit stream comprising a first OFDM symbol
and a second OFDM symbol, each OFDM symbol
comprising a number of consecutive IQ samples, the
encoder (600) comprising:

a first transmitting module (704) for transmitting
a first number of the IQ samples, situated at a
boundary between the first and the second
OFDM symbol, over the transmission link to a
decoder of the base station system, the first
number of IQ samples having a representation
spanning a first amplitude range,
a converting module (706) for converting indi-
vidual of a second number of IQ samples of the
second OFDM symbol, following the first
number of IQ samples, to IQ prediction errors,
using a predictive filter, where the IQ prediction
errors have a representation spanning a second
amplitude range that is smaller than the first am-
plitude range, and
a second transmitting module (708) for transmit-
ting the IQ prediction errors over the transmis-
sion link to the decoder.

20. A decoder (800) operable in a base station system
(100) of a wireless communication network, for han-
dling a bit stream for reception over a transmission
link (165) between a remote unit (160) and a base
unit (170) of the base station system, the remote unit
being arranged to transmit wireless signals to and
receive wireless signals from mobile stations (180),
the bit stream comprising a first OFDM symbol and
a second OFDM symbol, each OFDM symbol com-
prising a number of consecutive IQ samples, the de-
coder (800) comprising:

a first receiving module (904) for receiving a first
number of the IQ samples situated at a boundary
between the first and the second OFDM symbol
over the transmission link from an encoder of
the base station system, the first number of IQ
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samples having a representation spanning a
first amplitude range,
a second receiving module (906) for receiving
IQ prediction errors representing a second
number of IQ samples of the second OFDM
symbol, following the first number of IQ samples,
over the transmission link from the encoder, the
IQ prediction errors having a representation
spanning a second amplitude range that is
smaller than the first amplitude range, and
a converting module (908) for converting, using
a recovery predictive filter, individual of the IQ
prediction errors to estimations of individual of
the second number of IQ samples.

Patentansprüche

1. Verfahren, das durch einen Codierer eines Basis-
stationssystems (100) eines drahtlosen Kommuni-
kationsnetzwerks durchgeführt wird, zum Handha-
ben eines Bitstreams zur Übertragung über eine
Übertragungsverbindung (165) zwischen einer Fer-
neinheit (160) und einer Basiseinheit (170) des Ba-
sisstationssystems, wobei die Ferneinheit dafür an-
geordnet ist, drahtlose Signale an Mobilstationen
(180) zu übertragen und von diesen zu empfangen,
wobei der Bitstream ein erstes OFDM-Symbol und
ein zweites OFDM-Symbol umfasst, wobei jedes
OFDM-Symbol eine Anzahl von aufeinanderfolgen-
den IQ-Abtastungen umfasst, das Verfahren umfas-
send:

für eine erste Anzahl der IQ-Abtastungen, die
sich an einer Grenze zwischen dem ersten und
dem zweiten OFDM-Symbol befindet,
Übertragen (202), über die Übertragungsverbin-
dung an einen Decodierer des Basisstations-
systems, der ersten Anzahl von IQ-Abtastun-
gen, die eine Repräsentation aufweist, die einen
ersten Amplitudenbereich überspannt,
für eine zweite Anzahl von IQ-Abtastungen des
zweiten OFDM-Symbols, die auf die erste An-
zahl von IQ-Abtastungen folgt,
Umwandeln (204), unter Verwendung eines
Vorhersagefilters, von einzelnen der zweiten
Anzahl von IQ-Abtastungen in IQ-Vorhersage-
fehler, wobei die IQ-Vorhersagefehler eine Re-
präsentation aufweisen, die einen zweiten Am-
plitudenbereich überspannt, der kleiner als der
erste Amplitudenbereich ist, und
Übertragen (206) der IQ-Vorhersagefehler über
die Übertragungsverbindung an den Decodie-
rer.

2. Verfahren nach Anspruch 1, wobei die Repräsenta-
tion der ersten Anzahl von IQ-Abtastungen, die einen
ersten Amplitudenbereich überspannt, bedeutet,

dass die erste Anzahl von IQ-Abtastungen uncodiert
übertragen wird.

3. Verfahren nach Anspruch 1 oder 2, wobei die Re-
präsentation der ersten Anzahl von IQ-Abtastungen,
die einen ersten Amplitudenbereich überspannt, be-
deutet, dass die erste Anzahl von IQ-Abtastungen
mit einer ersten Anzahl von Bits quantisiert wird, be-
vor sie übertragen wird, und wobei die IQ-Vorhersa-
gefehler der zweiten Anzahl von IQ-Abtastungen mit
weniger Bits als die erste Anzahl von Bits quantisiert
werden.

4. Verfahren nach einem der vorstehenden Ansprüche,
weiter umfassend, für die zweite Anzahl von IQ-Ab-
tastungen:
Anwenden (205) einer Entropiecodierung auf die IQ-
Vorhersagefehler und wobei die Übertragung (206)
von IQ-Vorhersagefehlern Übertragen der entropie-
codierten IQ-Vorhersagefehler an den Decodierer
umfasst.

5. Verfahren, das durch einen Decodierer eines Basis-
stationssystems (100) eines drahtlosen Kommuni-
kationsnetzwerks durchgeführt wird, zum Handha-
ben eines Bitstreams zum Empfang über eine Über-
tragungsverbindung (165) zwischen einer Fernein-
heit (160) und einer Basiseinheit (170) des Basis-
stationssystems, wobei die Ferneinheit dafür ange-
ordnet ist, drahtlose Signale an Mobilstationen (180)
zu übertragen und von diesen zu empfangen, wobei
der Bitstream ein erstes OFDM-Symbol und ein
zweites OFDM-Symbol umfasst, wobei jedes OF-
DM-Symbol eine Anzahl von aufeinanderfolgenden
IQ-Abtastungen umfasst, das Verfahren umfassend:

für eine erste Anzahl der IQ-Abtastungen, die
sich an einer Grenze zwischen dem ersten und
dem zweiten OFDM-Symbol befindet,
Empfangen (302), über die Übertragungsver-
bindung von einem Codierer des Basisstations-
systems, der ersten Anzahl von IQ-Abtastun-
gen, die eine Repräsentation aufweist, die einen
ersten Amplitudenbereich überspannt,
für eine zweite Anzahl von IQ-Abtastungen des
zweiten OFDM-Symbols, die auf die erste An-
zahl von IQ-Abtastungen folgt,
Empfangen (304), über die Übertragungsver-
bindung von dem Codierer, von IQ-Vorhersage-
fehlern, die die zweite Anzahl von IQ-Abtastun-
gen repräsentieren, wobei die IQ-Vorhersage-
fehler eine Repräsentation aufweisen, die einen
zweiten Amplitudenbereich überspannt, der
kleiner als der erste Amplitudenbereich ist, und
Umwandeln (306), unter Verwendung eines
Wiederherstellungs-Vorhersagefilters, von ein-
zelnen der IQ-Vorhersagefehler in Schätzungen
von einzelnen der zweiten Anzahl von IQ-Ab-
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tastungen.

6. Verfahren nach Anspruch 5, wobei die IQ-Vorhersa-
gefehler entropiecodiert von dem Codierer empfan-
gen werden und das Verfahren weiter, für die zweite
Anzahl von IQ-Abtastungen,
Anwenden (305) einer Entropiedecodierung auf die
entropiecodierten IQ-Vorhersagefehler umfasst.

7. Verfahren nach Anspruch 5 oder 6, wobei das Um-
wandeln (306) von einzelnen der IQ-Vorhersagefeh-
ler in eine zweite Anzahl von IQ-Abtastungen um-
fasst:
Bestimmen einer Vorhersage von einer Abtastung
der zweiten IQ-Abtastungen basierend auf einer
oder mehreren bestimmten vorherigen IQ-Abtastun-
gen unmittelbar vor der einen Abtastung und einem
empfangenen Vorhersagefehler.

8. Verfahren nach einem der Ansprüche 5-7, wobei das
zweite OFDM-Symbol eine Vielzahl von Blöcken von
IQ-Abtastungen umfasst und wobei für eine erste
IQ-Abtastung jedes Blocks, die auf eine Blockgrenze
zwischen zwei aufeinanderfolgenden Blöcken folgt,
die erste Abtastung jedes Blocks uncodiert von dem
Codierer empfangen wird.

9. Verfahren nach einem der Ansprüche 5-8, wobei Fil-
terkoeffizienten des Wiederherstellungs-Vorhersa-
gefilters auf die gleichen Werte wie Filterkoeffizien-
ten eines Vorhersagefilters am Codierer voreinge-
stellt werden und für den Bitstream unverändert ge-
halten werden.

10. Codierer (600), der in einem Basisstationssystem
(100) eines drahtlosen Kommunikationsnetzwerks
betreibbar ist, zum Handhaben eines Bitstreams zur
Übertragung über eine Übertragungsverbindung
(165) zwischen einer Ferneinheit (160) und einer Ba-
siseinheit (170) des Basisstationssystems, wobei
die Ferneinheit dafür angeordnet ist, drahtlose Sig-
nale an Mobilstationen (180) zu übertragen und
drahtlose Signale von diesen zu empfangen, wobei
der Bitstream ein erstes OFDM-Symbol und ein
zweites OFDM-Symbol umfasst, wobei jedes OF-
DM-Symbol eine Anzahl von aufeinanderfolgenden
IQ-Abtastungen umfasst, wobei der Codierer (600)
einen Prozessor (603) und einen Speicher (604) um-
fasst, wobei der Speicher Anweisungen enthält, die
durch den Prozessor ausführbar sind, wodurch der
Codierer (600) wirksam ist zum:

für eine erste Anzahl der IQ-Abtastungen, die
sich an einer Grenze zwischen dem ersten und
dem zweiten OFDM-Symbol befindet,
Übertragen, über die Übertragungsverbindung
an einen Decodierer des Basisstationssystems,
der ersten Anzahl von IQ-Abtastungen, die eine

Repräsentation aufweist, die einen ersten Am-
plitudenbereich überspannt,
für eine zweite Anzahl von IQ-Abtastungen des
zweiten OFDM-Symbols, die auf die erste An-
zahl von IQ-Abtastungen folgt,
Umwandeln, unter Verwendung eines Vorher-
sagefilters, von einzelnen der zweiten Anzahl
von IQ-Abtastungen in IQ-Vorhersagefehler,
wobei die IQ-Vorhersagefehler eine Repräsen-
tation aufweisen, die einen zweiten Amplituden-
bereich überspannt, der kleiner als der erste
Amplitudenbereich ist, und
Übertragen der IQ-Vorhersagefehler über die
Übertragungsverbindung an den Decodierer.

11. Codierer nach Anspruch 10, wobei das zweite OF-
DM-Symbol eine Vielzahl von Blöcken von IQ-Ab-
tastungen umfasst und wobei der Codierer für eine
erste IQ-Abtastung jedes Blocks, die auf eine Block-
grenze zwischen zwei aufeinanderfolgenden Blö-
cken folgt, wirksam ist, um die erste Abtastung jedes
Blocks uncodiert an den Decodierer zu übertragen.

12. Codierer nach einem der Ansprüche 10-11, wobei
Filterkoeffizienten des Vorhersagefilters voreinge-
stellt werden und für den Bitstream unverändert ge-
halten werden.

13. Codierer nach einem der Ansprüche 10-12, der wei-
ter zum Skalieren der IQ-Vorhersagefehler basie-
rend auf einem Skalierungsfaktor wirksam ist.

14. Decodierer (800), der in einem Basisstationssystem
(100) eines drahtlosen Kommunikationsnetzwerks
betreibbar ist, zum Handhaben eines Bitstreams
zum Empfang über eine Übertragungsverbindung
(165) zwischen einer Ferneinheit (160) und einer Ba-
siseinheit (170) des Basisstationssystems, wobei
die Ferneinheit dafür angeordnet ist, drahtlose Sig-
nale an Mobilstationen (180) zu übertragen und
drahtlose Signale von diesen zu empfangen, wobei
der Bitstream ein erstes OFDM-Symbol und ein
zweites OFDM-Symbol umfasst, wobei jedes OF-
DM-Symbol eine Anzahl von aufeinanderfolgenden
IQ-Abtastungen umfasst, wobei der Decodierer
(800) einen Prozessor (803) und einen Speicher
(804) umfasst, wobei der Speicher Anweisungen
enthält, die durch den Prozessor ausführbar sind,
wodurch der Decodierer (800) wirksam ist zum:

für eine erste Anzahl der IQ-Abtastungen, die
sich an einer Grenze zwischen dem ersten und
dem zweiten OFDM-Symbol befindet,
Empfangen, über die Übertragungsverbindung
von einem Codierer des Basisstationssystems,
der ersten Anzahl von IQ-Abtastungen, die eine
Repräsentation aufweist, die einen ersten Am-
plitudenbereich überspannt,
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für eine zweite Anzahl von IQ-Abtastungen des
zweiten OFDM-Symbols, die auf die erste An-
zahl von IQ-Abtastungen folgt,
Empfangen, über die Übertragungsverbindung
von dem Codierer, von IQ-Vorhersagefehlern,
die die zweite Anzahl von IQ-Abtastungen re-
präsentieren, wobei die IQ-Vorhersagefehler ei-
ne Repräsentation aufweisen, die einen zweiten
Amplitudenbereich überspannt, der kleiner als
der erste Amplitudenbereich ist, und
Umwandeln, unter Verwendung eines Wieder-
herstellungs-Vorhersagefilters, von einzelnen
der IQ-Vorhersagefehler in Schätzungen von
einzelnen der zweiten Anzahl von IQ-Abtastun-
gen.

15. Decodierer nach Anspruch 14, der weiter zum en-
tropiecodierten Empfangen der IQ-Vorhersagefeh-
ler von dem Codierer und, für die zweite Anzahl von
IQ-Abtastungen, Anwenden einer Entropiedecodie-
rung auf die entropiecodierten IQ-Vorhersagefehler
wirksam ist.

16. Decodierer nach Anspruch 14 oder 15, der zum Um-
wandeln von einzelnen der IQ-Vorhersagefehler in
eine zweite Anzahl von IQ-Abtastungen wirksam ist
durch Bestimmen einer Vorhersage von einer Ab-
tastung der zweiten IQ-Abtastungen basierend auf
einer oder mehreren bestimmten vorherigen IQ-Ab-
tastungen unmittelbar vor der einen Abtastung und
einem empfangenen Vorhersagefehler.

17. Computerprogramm (605), umfassend computer-
lesbare Codemittel, die in einem Codierer (600) ei-
nes drahtlosen Kommunikationsnetzwerks ablaufen
zu lassen sind, eingerichtet zum Handhaben eines
Bitstreams zum Empfang über eine Übertragungs-
verbindung (165) zwischen einer Ferneinheit (160)
und einer Basiseinheit (170) des Basisstationssys-
tems, wobei die Ferneinheit dafür angeordnet ist,
drahtlose Signale an Mobilstationen (180) zu über-
tragen und drahtlose Signale von diesen zu empfan-
gen, wobei der Bitstream ein erstes OFDM-Symbol
und ein zweites OFDM-Symbol umfasst, wobei je-
des OFDM-Symbol eine Anzahl von aufeinanderfol-
genden IQ-Abtastungen umfasst, wobei die compu-
ter-lesbaren Codemittel, wenn sie in dem Codierer
ablaufen gelassen werden, den Codierer (600) ver-
anlassen, die folgenden Schritte durchzuführen:

für eine erste Anzahl der IQ-Abtastungen, die
sich an einer Grenze zwischen dem ersten und
dem zweiten OFDM-Symbol befinden,
Empfangen, über die Übertragungsverbindung
von einem Codierer des Basisstationssystems,
der ersten Anzahl von IQ-Abtastungen, die eine
Repräsentation aufweist, die einen ersten Am-
plitudenbereich überspannt,

für eine zweite Anzahl von IQ-Abtastungen des
zweiten OFDM-Symbols, die auf die erste An-
zahl von IQ-Abtastungen folgt,
Empfangen, über die Übertragungsverbindung
von dem Codierer, von IQ-Vorhersagefehlern,
die die zweite Anzahl von IQ-Abtastungen re-
präsentieren, wobei die IQ-Vorhersagefehler ei-
ne Repräsentation aufweisen, die einen zweiten
Amplitudenbereich überspannt, der kleiner als
der erste Amplitudenbereich ist, und
Umwandeln, unter Verwendung eines Wieder-
herstellungs-Vorhersagefilters, von einzelnen
der IQ-Vorhersagefehler in Schätzungen von
einzelnen der zweiten Anzahl von IQ-Abtastun-
gen.

18. Computerprogramm (805), umfassend computer-
lesbare Codemittel, die in einem Decodierer (800)
eines drahtlosen Kommunikationsnetzwerks ablau-
fen zu lassen sind, eingerichtet zum Handhaben ei-
nes Bitstreams zum Empfang über eine Übertra-
gungsverbindung (165) zwischen einer Ferneinheit
(160) und einer Basiseinheit (170) des Basisstati-
onssystems, wobei die Ferneinheit dafür angeordnet
ist, drahtlose Signale an Mobilstationen (180) zu
übertragen und drahtlose Signale von diesen zu
empfangen, wobei der Bitstream ein erstes OFDM-
Symbol und ein zweites OFDM-Symbol umfasst, wo-
bei jedes OFDM-Symbol eine Anzahl von aufeinan-
derfolgenden IQ-Abtastungen umfasst, wobei die
computer-lesbaren Codemittel, wenn sie in dem De-
codierer ablaufen gelassen werden, den Decodierer
(800) veranlassen, die folgenden Schritte durchzu-
führen:

für eine erste Anzahl der IQ-Abtastungen, die
sich an einer Grenze zwischen dem ersten und
dem zweiten OFDM-Symbol befindet,
Empfangen, über die Übertragungsverbindung
von einem Codierer des Basisstationssystems,
der ersten Anzahl von IQ-Abtastungen, die eine
Repräsentation aufweist, die einen ersten Am-
plitudenbereich überspannt,
für eine zweite Anzahl von IQ-Abtastungen des
zweiten OFDM-Symbols, die auf die erste An-
zahl von IQ-Abtastungen folgt,
Empfangen, über die Übertragungsverbindung
von dem Codierer, von IQ-Vorhersagefehlern,
die die zweite Anzahl von IQ-Abtastungen re-
präsentieren, wobei die IQ-Vorhersagefehler ei-
ne Repräsentation aufweisen, die einen zweiten
Amplitudenbereich überspannt, der kleiner als
der erste Amplitudenbereich ist, und
Umwandeln, unter Verwendung eines Wieder-
herstellungs-Vorhersagefilters, von einzelnen
der IQ-Vorhersagefehler in Schätzungen von
einzelnen der zweiten Anzahl von IQ-Abtastun-
gen.
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19. Codierer (600), der in einem Basisstationssystem
(100) eines drahtlosen Kommunikationsnetzwerks
betreibbar ist, zum Handhaben eines Bitstreams zur
Übertragung über eine Übertragungsverbindung
(165) zwischen einer Ferneinheit (160) und einer Ba-
siseinheit (170) des Basisstationssystems, wobei
die Ferneinheit dafür angeordnet ist, drahtlose Sig-
nale an Mobilstationen (180) zu übertragen und
drahtlose Signale von diesen zu empfangen, wobei
der Bitstream ein erstes OFDM-Symbol und ein
zweites OFDM-Symbol umfasst, wobei jedes OF-
DM-Symbol eine Anzahl von aufeinanderfolgenden
IQ-Abtastungen umfasst, der Codierer (600) umfas-
send:

ein erstes Übertragungsmodul (704) zum Über-
tragen einer ersten Anzahl der IQ-Abtastungen,
die sich an einer Grenze zwischen dem ersten
und dem zweiten OFDM-Symbol befindet, über
die Übertragungsverbindung an einen Decodie-
rer des Basisstationssystems, wobei die erste
Anzahl von IQ-Abtastungen eine Repräsentati-
on aufweist, die einen ersten Amplitudenbereich
überspannt,
ein Umwandlungsmodul (706) zum Umwandeln
von einzelnen einer zweiten Anzahl von IQ-Ab-
tastungen des zweiten OFDM-Symbols, die auf
die erste Anzahl von IQ-Abtastungen folgt, in
IQ-Vorhersagefehler, unter Verwendung eines
Vorhersagefilters, wobei die IQ-Vorhersagefeh-
ler eine Repräsentation aufweisen, die einen
zweiten Amplitudenbereich überspannt, der
kleiner als der erste Amplitudenbereich ist, und
ein zweites Übertragungsmodul (708) zum
Übertragen der IQ-Vorhersagefehler über die
Übertragungsverbindung an den Decodierer.

20. Decodierer (800), der in einem Basisstationssystem
(100) eines drahtlosen Kommunikationsnetzwerks
betreibbar ist, zum Handhaben eines Bitstreams
zum Empfang über eine Übertragungsverbindung
(165) zwischen einer Ferneinheit (160) und einer Ba-
siseinheit (170) des Basisstationssystems, wobei
die Ferneinheit dafür angeordnet ist, drahtlose Sig-
nale an Mobilstationen (180) zu übertragen und
drahtlose Signale von diesen zu empfangen, wobei
der Bitstream ein erstes OFDM-Symbol und ein
zweites OFDM-Symbol umfasst, wobei jedes OF-
DM-Symbol eine Anzahl von aufeinanderfolgenden
IQ-Abtastungen umfasst, der Decodierer (800) um-
fassend:

ein erstes Empfangsmodul (904) zum Empfan-
gen einer ersten Anzahl der IQ-Abtastungen, die
sich an einer Grenze zwischen dem ersten und
dem zweiten OFDM-Symbol befindet, über die
Übertragungsverbindung von einem Codierer
des Basisstationssystems, wobei die erste An-

zahl von IQ-Abtastungen eine Repräsentation
aufweist, die einen ersten Amplitudenbereich
überspannt,
ein zweites Empfangsmodul (906) zum Empfan-
gen von IQ-Vorhersagefehlern, die eine zweite
Anzahl von IQ-Abtastungen des zweiten OFDM-
Symbols repräsentieren, die auf die erste An-
zahl von IQ-Abtastungen folgt, über die Über-
tragungsverbindung von dem Codierer, wobei
die IQ-Vorhersagefehler eine Repräsentation
aufweisen, die einen zweiten Amplitudenbe-
reich überspannt, der kleiner als der erste Am-
plitudenbereich ist, und
ein Umwandlungsmodul (908) zum Umwan-
deln, unter Verwendung eines Wiederherstel-
lungs-Vorhersagefilters, von einzelnen der IQ-
Vorhersagefehler in Schätzungen von einzel-
nen der zweiten Anzahl von IQ-Abtastungen.

Revendications

1. Procédé exécuté par un codeur d’un système de sta-
tion de base (100) d’un réseau de communication
sans fil, pour gérer un train de bits pour une trans-
mission sur une liaison de transmission (165) entre
une unité à distance (160) et une unité de base (170)
du système de station de base, l’unité à distance
étant agencée pour transmettre des signaux sans fil
vers des stations mobiles (180) et en recevoir de
celles-ci, le train de bits comprenant un premier sym-
bole OFDM et un second symbole OFDM, chaque
symbole OFDM comprenant un certain nombre
d’échantillons IQ consécutifs, le procédé compre-
nant les étapes consistant à :

pour un premier nombre des échantillons IQ, si-
tués à une limite entre le premier et le second
symbole OFDM,
transmettre (202), sur la liaison de transmission
à un décodeur du système de station de base,
le premier nombre d’échantillons IQ ayant une
représentation s’étendant sur une première pla-
ge d’amplitude,
pour un second nombre d’échantillons IQ du se-
cond symbole OFDM, suivant le premier nom-
bre d’échantillons IQ,
convertir (204), à l’aide d’un filtre prédictif, un
individuel du second nombre d’échantillons IQ
en erreurs de prédiction IQ, où les erreurs de
prédiction IQ ont une représentation s’étendant
sur une seconde plage d’amplitude qui est plus
petite que la première plage d’amplitude, et
transmettre (206) les erreurs de prédiction IQ
sur la liaison de transmission au décodeur.

2. Procédé selon la revendication 1, dans lequel la re-
présentation du premier nombre d’échantillons IQ
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s’étendant sur une première plage d’amplitude si-
gnifie que le premier nombre d’échantillons IQ sont
transmis non codés.

3. Procédé selon la revendication 1 ou 2, dans lequel
la représentation du premier nombre d’échantillons
IQ s’étendant sur une première plage d’amplitude
signifie que le premier nombre d’échantillons IQ sont
quantifiés avec un premier nombre de bits avant
d’être transmis, et dans lequel les erreurs de prédic-
tion IQ du second nombre d’échantillons IQ sont
quantifiées avec moins de bits que le premier nom-
bre de bits.

4. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre, pour le second
nombre d’échantillons IQ, l’étape consistant à :
appliquer (205) un codage entropique sur les erreurs
de prédiction IQ, et dans lequel la transmission (206)
d’erreurs de prédiction IQ comprend une transmis-
sion des erreurs de prédiction IQ soumises à un co-
dage entropique au décodeur.

5. Procédé exécuté par un décodeur d’un système de
station de base (100) d’un réseau de communication
sans fil, pour traiter un train de bits pour une récep-
tion sur une liaison de transmission (165) entre une
unité à distance (160) et une unité de base (170) du
système de station de base, l’unité à distance étant
agencée pour transmettre des signaux sans fil vers
des stations mobiles (180) et en recevoir de celles-
ci, le train de bits comprenant un premier symbole
OFDM et un second symbole OFDM, chaque sym-
bole OFDM comprenant un certain nombre d’échan-
tillons IQ consécutifs, le procédé comprenant les éta-
pes consistant à :

pour un premier nombre des échantillons IQ, si-
tués à une limite entre le premier et le second
symbole OFDM,
recevoir (302), sur la liaison de transmission à
partir d’un codeur du système de station de ba-
se, le premier nombre d’échantillons IQ ayant
une représentation s’étendant sur une première
plage d’amplitude,
pour un second nombre d’échantillons IQ du se-
cond symbole OFDM, suivant le premier nom-
bre d’échantillons IQ,
recevoir (304), sur la liaison de transmission à
partir du codeur, des erreurs de prédiction IQ
représentant le second nombre d’échantillons
IQ, les erreurs de prédiction IQ ayant une repré-
sentation s’étendant sur une seconde plage
d’amplitude qui est plus petite que la première
plage d’amplitude, et
convertir (306), à l’aide d’un filtre prédictif de ré-
cupération, une individuelle des erreurs de pré-
diction IQ en estimations d’un individuel du se-

cond nombre d’échantillons IQ.

6. Procédé selon la revendication 5, caractérisé en ce
que les erreurs de prédiction IQ sont reçues soumi-
ses à un codage entropique par le codeur, et le pro-
cédé comprend en outre, pour le second nombre
d’échantillons IQ, l’étape consistant à
appliquer (305) un décodage entropique sur les er-
reurs de prédiction IQ soumises à un codage entro-
pique.

7. Procédé selon la revendication 5 ou 6, dans lequel
la conversion (306) d’une individuelle des erreurs de
prédiction IQ en un second nombre d’échantillons
IQ comprend l’étape consistant à :
déterminer une prédiction d’un premier échantillon
des seconds échantillons IQ sur la base d’un ou plu-
sieurs échantillons IQ précédents déterminés immé-
diatement avant le premier échantillon, et d’une er-
reur de prédiction reçue.

8. Procédé selon l’une quelconque des revendications
5 à 7, dans lequel le second symbole OFDM com-
prend une pluralité de blocs d’échantillons IQ, et
dans lequel pour un premier échantillon IQ de cha-
que bloc, à la suite d’une bordure de bloc entre deux
blocs consécutifs, le premier échantillon de chaque
bloc est reçu non codé à partir du codeur.

9. Procédé selon l’une quelconque des revendications
5 à 8, dans lequel des coefficients de filtre du filtre
prédictif de récupération sont préréglés aux mêmes
valeurs que des coefficients de filtre d’un filtre pré-
dictif au niveau du codeur, et sont maintenus inchan-
gés pour le train de bits.

10. Codeur (600) utilisable dans un système de station
de base (100) d’un réseau de communication sans
fil, pour traiter un train de bits pour une transmission
sur une liaison de transmission (165) entre une unité
à distance (160) et une unité de base (170) du sys-
tème de station de base, l’unité à distance étant
agencée pour transmettre des signaux sans fil à des
stations mobiles (180) et en recevoir de celles-ci, le
train de bits comprenant un premier symbole OFDM
et un second symbole OFDM, chaque symbole
OFDM comprenant un certain nombre d’échantillons
IQ consécutifs, le codeur (600) comprenant un pro-
cesseur (603) et une mémoire (604), ladite mémoire
contenant des instructions exécutables par ledit pro-
cesseur, moyennant quoi le codeur (600) fonctionne
pour :

pour un premier nombre des échantillons IQ, si-
tués à une limite entre le premier et le second
symbole OFDM,
transmettre, sur la liaison de transmission à un
décodeur du système de station de base, le pre-
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mier nombre d’échantillons IQ ayant une repré-
sentation s’étendant sur une première plage
d’amplitude,
pour un second nombre d’échantillons IQ du se-
cond symbole OFDM, suivant le premier nom-
bre d’échantillons IQ,
convertir, à l’aide d’un filtre prédictif, un indivi-
duel du second nombre d’échantillons IQ en er-
reurs de prédiction IQ, où les erreurs de prédic-
tion IQ ont une représentation s’étendant sur
une seconde plage d’amplitude plus petite que
la première plage d’amplitude, et
transmettre les erreurs de prédiction IQ sur la
liaison de transmission au décodeur.

11. Codeur selon la revendication 10, dans lequel le se-
cond symbole OFDM comprend une pluralité de
blocs d’échantillons IQ, et dans lequel pour un pre-
mier échantillon IQ de chaque bloc suivant une bor-
dure de bloc entre deux blocs consécutifs, le codeur
fonctionne pour transmettre le premier échantillon
de chaque bloc non codé au décodeur.

12. Codeur selon l’une quelconque des revendications
10 à 11, dans lequel les coefficients de filtre du filtre
prédictif sont préréglés et maintenus inchangés pour
le train de bits.

13. Codeur selon l’une quelconque des revendications
10 à 12, fonctionnant en outre pour mettre à l’échelle
les erreurs de prédiction IQ sur la base d’un facteur
de mise à l’échelle.

14. Décodeur (800) utilisable dans un système de sta-
tion de base (100) d’un réseau de communication
sans fil, pour traiter un train de bits pour une récep-
tion sur une liaison de transmission (165) entre une
unité à distance (160) et une unité de base (170) du
système de station de base, l’unité à distance étant
agencée pour transmettre des signaux sans fil à des
stations mobiles (180) et en recevoir de celles-ci, le
train de bits comprenant un premier symbole OFDM
et un second symbole OFDM, chaque symbole
OFDM comprenant un certain nombre d’échantillons
IQ consécutifs, le décodeur (800) comprenant un
processeur (803) et une mémoire (804), ladite mé-
moire contenant des instructions exécutables par le-
dit processeur, moyennant quoi le décodeur (800)
fonctionne pour :

pour un premier nombre des échantillons IQ, si-
tués à une limite entre le premier et le second
symbole OFDM,
recevoir, sur la liaison de transmission à partir
d’un codeur du système de station de base, le
premier nombre d’échantillons IQ ayant une re-
présentation s’étendant sur une première plage
d’amplitude,

pour un second nombre d’échantillons IQ du se-
cond symbole OFDM, suivant le premier nom-
bre d’échantillons IQ,
recevoir, sur la liaison de transmission à partir
du codeur, des erreurs de prédiction IQ repré-
sentant le second nombre d’échantillons IQ, les
erreurs de prédiction IQ ayant une représenta-
tion s’étendant sur une seconde plage d’ampli-
tude qui est plus petite que la première plage
d’amplitude, et
convertir, en utilisant un filtre prédictif de récu-
pération, une individuelle des erreurs de prédic-
tion IQ en estimations d’un individuel du second
nombre d’échantillons IQ.

15. Décodeur selon la revendication 14, fonctionnant en
outre pour recevoir les erreurs de prédiction IQ sou-
mises à un codage entropique à partir du codeur et,
pour le second nombre d’échantillons IQ, appliquer
un décodage entropique sur les erreurs de prédiction
IQ soumises à un codage entropique.

16. Décodeur selon la revendication 14 ou 15, fonction-
nant pour convertir une individuelle des erreurs de
prédiction IQ en un second nombre d’échantillons
IQ en déterminant une prédiction d’un premier
échantillon des seconds échantillons IQ sur la base
d’un ou plusieurs échantillons IQ précédents déter-
minés immédiatement avant le premier échantillon,
et d’une erreur de prédiction reçue.

17. Programme informatique (605) comprenant un
moyen de code lisible par ordinateur à mettre en
œuvre dans un codeur (600) d’un réseau de com-
munication sans fil, configuré pour traiter un train de
bits pour une réception sur une liaison de transmis-
sion (165) entre une unité à distance (160) et une
unité de base (170) du système de station de base,
l’unité à distance étant agencée pour transmettre
des signaux sans fil aux stations mobiles (180) et en
recevoir de celles-ci, le train de bits comprenant un
premier symbole OFDM et un second symbole
OFDM, chacun symbole OFDM comprenant un cer-
tain nombre d’échantillons IQ consécutifs, lequel
moyen de code lisible par ordinateur, lorsqu’il est
mis en œuvre dans le codeur, amène le codeur (600)
à effectuer les étapes suivantes consistant à :

pour un premier nombre des échantillons IQ, si-
tués à une limite entre le premier et le second
symbole OFDM,
recevoir, sur la liaison de transmission à partir
d’un codeur du système de station de base, le
premier nombre d’échantillons IQ ayant une re-
présentation s’étendant sur une première plage
d’amplitude,
pour un second nombre d’échantillons IQ du se-
cond symbole OFDM, suivant le premier nom-
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bre d’échantillons IQ,
recevoir, sur la liaison de transmission à partir
du codeur, des erreurs de prédiction IQ repré-
sentant le second nombre d’échantillons IQ, les
erreurs de prédiction IQ ayant une représenta-
tion s’étendant sur une seconde plage d’ampli-
tude qui est plus petite que la première plage
d’amplitude, et
convertir, en utilisant un filtre prédictif de récu-
pération, une individuelle des erreurs de prédic-
tion IQ en estimations d’un individuel du second
nombre d’échantillons IQ.

18. Programme informatique (805) comprenant un
moyen de code lisible par ordinateur destiné à être
mis en œuvre dans un décodeur (800) d’un réseau
de communication sans fil, configuré pour traiter un
train de bits pour une réception sur une liaison de
transmission (165) entre une unité à distance (160)
et une unité de base (170) du système de station de
base, l’unité à distance étant agencée pour trans-
mettre et recevoir des signaux sans fil à partir de
stations mobiles (180) et en recevoir de celles-ci, le
train de bits comprenant un premier symbole OFDM
et un second symbole OFDM, chaque symbole
OFDM comprenant un certain nombre d’échantillons
IQ consécutifs, lequel moyen de code lisible par or-
dinateur, lorsqu’il est mise en œuvre dans le déco-
deur, amène le décodeur (800) à effectuer les étapes
suivantes consistant à :

pour un premier nombre des échantillons IQ, si-
tués à une limite entre le premier et le second
symbole OFDM,
recevoir, sur la liaison de transmission à partir
d’un codeur du système de station de base, le
premier nombre d’échantillons IQ ayant une re-
présentation s’étendant sur une première plage
d’amplitude,
pour un second nombre d’échantillons IQ du se-
cond symbole OFDM, suivant le premier nom-
bre d’échantillons IQ,
recevoir, sur la liaison de transmission à partir
du codeur, des erreurs de prédiction IQ repré-
sentant le second nombre d’échantillons IQ, les
erreurs de prédiction IQ ayant une représenta-
tion s’étendant sur une seconde plage d’ampli-
tude qui est plus petite que la première plage
d’amplitude, et
convertir, en utilisant un filtre prédictif de récu-
pération, une individuelle des erreurs de prédic-
tion IQ en estimations d’un individuel du second
nombre d’échantillons IQ.

19. Codeur (600) utilisable dans un système de station
de base (100) d’un réseau de communication sans
fil, pour traiter un train de bits pour une transmission
sur une liaison de transmission (165) entre une unité

à distance (160) et une unité de base (170) du sys-
tème de station de base, l’unité à distance étant
agencée pour transmettre des signaux sans fil à des
stations mobiles (180) et en recevoir de celles-ci, le
train de bits comprenant un premier symbole OFDM
et un second symbole OFDM, chaque symbole
OFDM comprenant un certain nombre d’échantillons
IQ consécutifs, le codeur (600) comprenant :

un premier module d’émission (704) pour trans-
mettre un premier nombre d’échantillons IQ, si-
tués à une limite entre le premier et le second
symbole OFDM, sur la liaison de transmission
à un décodeur du système de station de base,
le premier nombre d’échantillons IQ ayant une
représentation s’étendant sur une première pla-
ge d’amplitude,
un module de conversion (706) pour convertir
un individuel d’un second nombre d’échantillons
IQ du second symbole OFDM, après le premier
nombre d’échantillons IQ, en erreurs de prédic-
tion IQ, en utilisant un filtre prédictif, où les er-
reurs de prédiction IQ ont une représentation
s’étendant sur une seconde plage d’amplitude
qui est plus petite que la première plage d’am-
plitude, et
un second module de transmission (708) pour
transmettre les erreurs de prédiction IQ sur la
liaison de transmission au décodeur.

20. Décodeur (800) utilisable dans un système de sta-
tion de base (100) d’un réseau de communication
sans fil, pour traiter un train de bits pour une récep-
tion sur une liaison de transmission (165) entre une
unité à distance (160) et une unité de base (170) du
système de station de base, l’unité à distance étant
agencée pour transmettre des signaux sans fil à des
stations mobiles (180) et en recevoir de celles-ci, le
train de bits comprenant un premier symbole OFDM
et un second symbole OFDM, chaque symbole
OFDM comprenant un certain nombre d’échantillons
IQ consécutifs, le décodeur (800) comprenant :

un premier module de réception (904) pour re-
cevoir un premier nombre d’échantillons IQ si-
tués à une limite entre le premier et le second
symbole OFDM sur la liaison de transmission à
partir d’un codeur du système de station de ba-
se, le premier nombre d’échantillons IQ ayant
une représentation s’étendant sur une première
plage d’amplitude,
un second module de réception (906) pour re-
cevoir des erreurs de prédiction IQ représentant
un second nombre d’échantillons IQ du second
symbole OFDM, suivant le premier nombre
d’échantillons IQ, sur la liaison de transmission
à partir du codeur, les erreurs de prédiction IQ
ayant une représentation s’étendant sur une se-
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conde plage d’amplitude qui est plus petite que
la première plage d’amplitude,
un module de conversion (908) pour convertir,
en utilisant un filtre prédictif de récupération, une
individuelle des erreurs de prédiction IQ en es-
timations d’un individuel du second nombre
d’échantillons IQ.
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